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Nanopartlcles :-"-ield of the Invention The prsEen; inversion relates ;o nanopartlcles, arid In particular to iienoparricies having 

^ . j ij. - - t en . - -t J i " v"- km i" >/i h other 

r v > < ni , i i n< i n t - > j quo i< nJ 

study have now been largely automated. 

However, carbohydrates and their interactions with other species are also extremely important biologically and have not 

CM C ft] [t t t If'' t , > 

diversity of carbohydrate linkages and because there are no techniques analogous to cloning to amplify and modify 
carbohydrates. 



However, despite these characteristics carbohydrate mediated in:-?! actions are impoifant biologically. Ttie car 
types of cells are covered with a dense coating of giycoconjugates given rise to the so-called giycocalyx. it is I 
tht < ' c t n f i i i 1 1 '<> er ■ 

configurations the repulsive barrier will be counterbalanced by the formation of cell-cell contacts through attrac 
i c in o use 



:■ fC: C 



ad hi 



c feature of thesf 



rhpc 



e:d by a polyvalent prc- 



>ohydrates, dendrimer tec 



i ! ! f N - 

particles, e. g. clusters of metal or semiconductor atom 
of Ugands. the Uganda comprising carbohyaraie groups 
mediated interactions, e. g. with other carbohydrates oi 



nd 



ods 



nd ;v 



er species. In particular, ttie present 
i, which can be employed as a subs 
These'nanopartic!-:5s : can then be us 
proteins, and as therapeutics and d 



Mating tins 



. iv v > i> , , . , 'f t ' ' q j -' r ) r t iq "i ' 
embodiments, the particles have the further advantage that they are soluble, s 

trmats 



ate for imm-/ • . si r y 
d to study carbohydrate 
.gnostic reagents. Thus, the 
s detectable particle, in some 
id a range of organic solvents, 



retallic core, linked to a 
e carbohydrate groups 



In a further 
particles Ir 



>f nanopartictes may have diffe 
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iigauds attached io the core. 

In a further aspect, the present invention provides the above defined particles for use in a method of medical treatment. 

In a further aspect, the present invention provides the use of the above defined particles for the preparation of a medieamen 
ff flit t >r i r t i > < h r i > i i „ 1 

ligand blocks a carbohydrate mediated interaction that would otherwise tend to lead to a pathology. 

I , , 1 ii 3 i i i >r it i 1 in mo. 

carbohydrate mediated Inte: actions. As described above, typically the Interactions are polvvalent wheieas the agent used to 
treat the mt i u are n >n capable of ^ id n one or 'a few o: trie these interactions. i has the result that it is 
difficult to deliver an agent to the site of the Interaction which is capable of reliably modulating the interaction for the desired 
therapeutic effect. I contrast to this problem the present Invention provides agents having a plurality of Uganda for 
modulating the carbohydrate mediated interactions, potentially overcoming the difficulty in modulating the polyvalent 
interactions. 

In f ti 1i ! n h ir ! sf i 1 i 3 i 1 )Oni more 

oiet°nL , \r <■ i , nri. The mean diameter can be measured using 

techniques well known in the art such as transmission electron microscopy. 

The core material can be a metal or semiconductor and may be formed of more than one type of atom. Preferably, the core 
material is a metal selected from Au, Ag or Cu. 

N n | I f'it fir >vs ha iso reported including Au/Ag, Au/Cu, Au/Ag/Cu, Au/Pt, Au/Pd and 

Au/Ag/Cu/Pd, and may oe used in the present invention. Preferred core materials are Au and Ag, with the most preferred 
material being Au. Whoa; gold dusters are used. they will pieteiady have between about 100 I 500 gold atoms io 
a ivi if " jt<- < r 't - me or more 

itor 1 it a fit R rctiv illowing th nanoparti i ted using NMR, both in vitro and in vivo. Examples of 

NMR active atoms include gadolinium and europium. 

i" | I r - n i" > le semiconductor crystals are 

capable of acting as quantum dots, that is they can absorb light thereby exciting electrons in the materials to higher energy 
levels, subsequently releasing photons < gt frequ i m e c >f the material. 

An \ imdt >f , i - „ i |t - , ' 1 it ^ o 

The nanoparticies and the results of he interacti e detected using a numfc the art. 

t. at i 1 5 ip -• t. by simple 

u 1 t r 1 - - t r i ii it 11 

* t * ! t , alise the 

nanoparticies. A further method of detecting metal particles is to employ piasmon resonance, that Is the excitation of 

let t on 1 r i t " h >r n uriaoe piasmon re m n e 

(SPR xi t i 1 i i „ u r r^ r of i orwatei As changes in SUR 

o-uj' ts ana vtes t d c t - , ' 

interface. A fuuhe; advantage of SPR is that it can be used to monitor real time interactions. As mentioned above, If the 
nanoparticies includes or 1 doped with atoms which are NMR active then i technique can be used to detect the panades. 
both In vitro or in vivo, u< -q edinq k mi in i 1 i > cubed - [lousing 

a system based on quantitative signal amplification using the nanoparticle-promoted reduction of silver (I) and using a 
flatbed scanner ^ ire 1 1 < t ' r " t ! ! 1< t ombinlng 

carbohydrate groups and fluorescent probes. 

hydrate can be used to facilitate their detection. 



http://www.wipo.int/pctdb/en/wo.isp ?wo=2002032404&IA=GB2001004633&DISPLAY=... 1/19/2010 



(WO/2002/032404) NANOP ARTICLES 



Page 3 of 12 



The ligand linked to the core r «. t < one or more h it (saccharide) groups, e g, co:r;pri:sir:g a 1 3 ie 

an oligosaccharide or a single saccharide group. The ligand may be also be a giycanoeonjugate such as a glycolipld or a 
glycopr it-'in In k i in t i 1 u 1 ie group, a 

protein domain, a nucleic acid molecule (e. g. a DMA segment) and/or a fluorescent probe. 

The particles; nay have more a one species t ligand immobiiised thereon e. g. 2, 3, e.5. 10 .20 o; t00 different ligand;;. 
Mtc- rn iveiy ciif onaiiv Jt oi di n : eniplo ogefh 

In ft ') r in. «. 1 «. - iked to an individual metallic core of the particle Is at least 2Q 

lanl [1 1 i i ' U } 1 ar > in 

the ranges of 70-100 iigands per 200 gold atoms as determined by elemental analysis. 

Preferably the iigands are attached eovalently to the core of ! particle:; Protocols for carrying 1 out are known In ;he 
art, although the work described herein Is the first report of the reactions being used to covalently bond carbohydrate iigands 
to the core of trie particle. This may be earned out by reacting Iigands with reductive end groups vvkh gold under reducing 
conditions. A preferred method of pi educing the particles employs thiol cierivatisec; carbohydrate moltles to couple the 

jun J 1 ..or till I ; 

the method comprising : synthesizing a sulphide derivative of the ligand ; reacting the sulphide derivatised ligand and 
tetrachloroaime acid In the presence of reducing agent to produce the particles. 

In i \>u 1 i n )h f it i. t r ligand 

in methanol can be added to an aqueous solution of tetrachioroauric acid. A preferred reducing agent is sodium 
borohy'dride. Othi i p .1 

The present Invention provides a way of presenting a spherical array of carbohydrate-containing iigands having advantages 
over other types of array proposed in the prior art. In particular, the nanoparticies are soluble in most organic solvents and 

r v i ill/ jv 3 er ' v u c < < i if - - r - w 1 111 t r 

macroarrays for presenting the ligand immobilised on the surface of the particle. The fact that the nanoparticies are soluble 
ha he ai ■ ... in a natural cent. < ipeuhc. applloatif b> n nop t tic If 

are non-toxic, soluble and excreted in the urine. 



nruMiffi - ; tixin o or rn idu et-Yj 1 erg the 

nanoparticies disclosed herein. These include leukocyte-endothella! cell adhesion, carbohydrate- antibody interactions, 
1 r 1 1 . in bacterial and veal infechon, 11 n . recognition of 111 1 ceils, tumour II nr ■ h ImI cells; 
(e. g. to study metastasis) and foreign tissue and cell recognition. 

The following examples of application for the nanoparticies are provided by way of illustration and not limitation to support 
th> Me ) 1 > 

In general, it has been a difficult problem in the art to detect or modulate carbohydrate-mediated interactions since the 
oino j of h< t f f ;. ; - =; e - ^ en' I • ' - ^ > ■< 1 t i o he polyvalent 

- interaction, monovalent agents have only had a limited success if 

disrupting polyvalent carbohydrate based Interactions. 

hydrate interactions, two types of Interaction can be 
1 I n in homoph.i.c: interactions. Identical carbohydrate; interact with one another and I . detected by steadily 
inorea: inc the conoentranon of particles having j iiised on theii see until aggrec 

occurs. This may be defected by light scattering or electronic effects. 

Heterophils interactions can be detected by mixing together two or more diff nl t • n rtermining the 
aggregation state of the particles. 

Thus, the present invention provides a versatile platform for studying and modulating carbohydrate-mediated interactions. 
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For example, i panicles could be used to detect anti-carbohydrate antibodies, i m t binding of anybody < the 
iigarids on the particle via light scattering to pick up aggregation of the particles, or electric field effects, such as surface 
plasmon resonance. which would be - v ' \ when the metal atoms In ihe particles clustei together. 

in one example of this aspect e ihe iventlon. t tides can be employed to type blood groups, as commonly 

irn r in m i ', >r o * - ' * i . i > cr n in qi 1 

> 3i t M bear carbohydrate antigens winch are simlla; or idenncai to blood group arihgens present or; the surface of red 
Diced cells, and these bacterial a nt- - i e c . 'louals who do not bear the 

corresponding emlgen on incur own red blood cells 

Thus, sera from an individual Is tested tor antibodies that agglutinate the red blood cells of the donor and vice versa in a 
i in i i | h j an i i ! i in , 

these agglutination tests which are inconvenient and not readily susceptible to automation or high throughput. 

' A3 j ir r rii n 3 u , f J If' If M I )/" 

Gai (Fuc)-GalMAc Type B B.-GlcNAcGal (Fuc)-Gal Type AB Type A and Type B antigens Therefore, populations of 
nanoparticies can be made having blood group antigens immobilised on their surface. 



' c i , o ) > 3 f ' 1 Idi ; 1 1 3 3rt e j 3 „r r i 

from a patient would aiiow the blood type of donors and recipients to be determined. 

nhtpf.ii I i i i n 3t 

In the initiai attachment of white blood cells (leukocytes) to endothelial cells during the process of leukocyte recruitment to 
inflamed issues. 



L-selectin is expressed on leukocytes, P-seieotin on piateiets and E selectln on endothelial ceils. [-•- seleetin and P-selectin 
are induced on endothelial cells in response to pro-inflammatory cytokines and bind to ELAM receptors on the surface of 

n i il I . roteins uniquely 

expressed on the activated endothelium. Thus, all of these Interactions could be employed as therapeutic targets for 
modul i in 3 1 < mi i ^ u 1 5 , - , le f - 

F ric ?lt gets have been based on the fact that the selectins share a 

common calcium dependent lectin domae; which can be targeted by carbohydrate based tgands. 

Prior art screening has found thai I three selectins in to the i ; h i fucosylated tefiasacoharide sialyl Lewis X 
fst.ex) and that mis molecule and analogues thereof can bind to seleetin. albeit weakly. 

i ii i r i h i 3 t i r ih 

cells expressing the seleetin is polyvalent, Accoidingly, In one of its aspects, the present invention proposes a treatment of 

ii Sim - - 3 it i i 5 i u I 13 e eenn 

mediated inflammation and compounds that can be used to modulate the interaction is provided in In a further aspect, 
nanoparticies in which the carbohydrate ■saccharide) group is an antigen can be administered as a vaccine, e. g. 

illy, using a delivery gun to accelerate then transdermal passage through the outer layer of the epidermis. The 
nanoparticies can then be taken up, e. g. by dendritic cells, which mature as they migrate through the lymphatic system, 
resulting m moduiaiiou of ihe Immune response i vaccination against the saccharide antigen, as described m in a further 

tpp ;ai on, it is known that cell surface carbohydrates act as ligands for viral or bacterial receptors (called adhesins) and 
!f , s h ! p , , inn It / ' 

glyeoeonjugates, that are capable of modulating these interactions can be immobilised in the nanoparticies of the invention 

duodena: ulcers. gast: ioadenooaicinoma and mucosa -assoolaied lymphoid tissue: lymphem m humans. As the cell specie 
attachment of H, pylon can occur via multiple carbohydrates including Lewis b antige - j r r aes and 

sulphaie m - , <• < - m - rtr os capable of modulating {L e. blocking) the different adhesin interactions could be 
used as treatments of the above conditions. 
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[ \ u- - , i " h, it - t v f n i m ^ n 

binding of hemagiutlnin molecules on the viral envelope to sialic acid terminated host glycoconjugates. Thus, by infection 
may be inhibited by disrupting this event. 

HIV-1 aiso infects ceiis by recognising cell surface carbohydrate structures and rhe g ycolip d c tide sGalCer) 

has been i k i i i a llgand for the \ receptor gpi20. Thus. GaiGer or analogues thereof i < be immobilised on the 
surface of nanoparticies and used to inhibit the interaction of ceiiulai GaiCer and HIV-1. 

In a further application, the present invention may be useful In the modulation of immune response, e. g. following 
transplantation. As; the Immunological recognition oj tissue begin;; with carbohydrate mediated intetaotions between surface 
carbohydrates present on transplanted tissue and the components of the host's Immune system such as antibodies, so this 
can be targeted to an t 11 j < 1 t j t 1 3 <ampie f >hy irate Ga 

3Gall3i-4GlnAc (the'aGal'epitope) has been implicated as an important antigen epitope involved in the rejection of 
transplanted tissue Thus, modulation of the interaction of In i< epitope and the Immune system may I a therapeutic 
target for the nanoparticies ie 3 a L, erein. 

An alternative approach may be useful :r; the treatment of canoe; as many rumour associated antigens or tumour autocrine 
factors are carbohydrate based. In this event, the nanoparticies could be provided as vaccines prime the immune system to 
produce antibodies which are capable of attacking tumour cells presenting the carbohydrates on their surface. In this regard 
it is known h 3! 11 3 t 11 - p < 

stimulated by nanoparticies to be directed specifically to tumour ceils as opposed to normal, healthy cells. The nanoparticies 
nr alto be 11 >< 1 " ^nci e g through the migration o? tumour ceiis through the endothelial cells. 

In a further aspect, the nanoparticies can be used as carriers to raise antibodies capable of specifically binding the llgand. 

1 1 ( tt 1 < t ' I 1 a jmg problem in the ar to t • ,1 mr , e< nnst carbohydrates- 

containing moities as they are often small and do not cause strong Immune responses. 

In a further aspect, the present Invention provides a method of determining whether a carbohydrate mediated interactions 
occurs, the method comprising contacting one or more species of mtmopanicles with a candidate binding partner and 
determining whether binding takes place. 



In a li it t > »i ni'( in 1 li 1 ' i 

comprising a carbohydrate group, the method comprising : contacting particles comprising a metallic core linked to a 

lut it of the Uganda with one or more candidate compounds : and detecting whether the candidate compounds binds to 
the llgand. 

In a f ei 7 npie o a substance 

0 o - ; > 1 ii^r 3 n - ' i ' in j v n 

nanoparticies linkeo to - r - m ^ - t - _ , <- ^ jsed to determine the 

1 n t i i f 1 i a f •- i. '-lei i t t di ig >< of a di e t c ta e 

associated with the presence or the analyte. 

Ill ill it C! ' . ) 1 tl !l I I 3 "fl -i I i ' , III 

x 1 . lion with species immobilised on solid surfaces, for example ligands immobilised on gold surfaces as described in 
(6a). These species might be other carbohydrates candidate binding partners or analyf.es. 

In a former aspect, carbohydiate:; can be attached to nanoor ystais of cadmium selenide to provide quantum dots, which can 
then be guided to the required cellular structure by nanoparticies. As discussed in [20], quantum dots have potential uses in 
1 ' \ 1 1 v 1 v i i fi n - -6U a e drugs. 

Embodiments of the present invention will now be described by way of example and not limitation with reference to the 
accompanying figures. 
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Brie: Description of the figures Figure 1 shows schematically the method used to synihesise the nanopar tides 

Fv r> r i o 1 i_ r v. t Ai i op) and 

the hex 3-Au (bottom) glyconanopartioles. 

F } m o x* il I f . " . 2 A • ! 2 in D20 fbt arid 2 in CDfOD (c) and (B't 3-Au in 02O (a) ; 3 in 

DzO (b) and 3 in 70% G03OD/D2O (c). 

iUi d Description Pharmaceutic;;! 1 pi r > ' n \ rt , w "i': herein or their derivative:; can be 
formulated in pharmaceutical compositions, and administered to patients in a variety of forms, in particular to treat condition: 
ameliorated by the f' ' • i. - of the llgarid By /, a oi v > v >l" he ' y o c as rhe g i a i \ * a carbohydrate 
mediated interaction that would otherwise tend to lead to a pathology. Thus, the nanopa js ma be used as redicament 

irx i lat n ! I uk i ' . 1 i. id 

viraS Infectio i ' * tion of tumour cells, the Inhibition of metastatis and foreign tissue and cell recognition. 

Pha aceutical compo psuie. powder or quid form A tablet may include a 

solid carrier such as gelatin o; an adjuvant or an i diluent mould pharmaceutics! compositions Generally Include a liquid 
carrier such as water, petroleum, animal or vegetable oils, mineral oil or synthetic oil. Physiological saline solution, or glycol; 
such j - i r > i i hi 

generally contain at least O. Iwt% of the compound. 

f a ■ I ii s Iri j an ut ima : c I 

intramuscular, intraocular, transepifheiial. Intraperitoneal and topical (including dermal, ocular, rectal, nasal, inhalation and 

■ I I N ^ out < oi -* venous, cutaneous or subcutaneous injection, or Injection at. the site of 
affliction, the active ingredient will be In the form of a parenterally acceptable aqueous solution which is pyrogen-free and 
has suitable pH, isotc ' t sKiii in the art are well able to prepare suitable solutions using, foi 

example, solutions of the compounds or a derivative thereof, e. g. in physiological saline, a dispersion prepared with 
glycerol, liquid polyethylene glycol or oils. 



In addition to one or more o: fi compounds, optionally in r in i if other active r ml the compositions can 
comprise one or mere of a pharmaceutical!'/ acceptable excipient carrier, buffer, stabiliser, isotonicizing agent, preservative 
or anti- oxidant or fi materials well known to those skilled in tne art. Such materials should be non -toxic and should not 
interfere with the efficacy of the active ingredient. 

The precise nature or the earner or ether material may depend on the route of administration, e. g. orally or parenterally. 



Liquid pharmaceutical compositions are 1 4 1 for mutated to have a pH between about 3.0 and 9.0, more preferably 
between about 4. 5 and 8.5 and still more preferably between about 5. 0 and 8. 0. The pH of a composition can be 
p 11 1 nit I t ! ' h ! 11 1 r ' nun ftn 

range from about m'v1 to 50 mM. The pH of compositions c 1 y , - . p at - 

acids or bases. 



Preservatives are generally included 1 pharmace 3 s to retarc mic nblal growth extending the shelf life of 

the compositions and allowing multiple use packaging. Examples of preservatives Include phenol, meta-cresol, benzyl 
j| ohi 1 it - - ^ r - ! 1 r i a , 1 \ 3 n f m ' I I 

benzetbonlum chloride. Preservatives are typically employed in the range of about 0.1 to 1 .0 % (w/v). 

Preferabl/ he it r il n 1 n f h 1 1 I 1 y -< anf or 

a"therapeutica cus a r t-ough prophylaxis may be considered therapy), this being 

. ^ - r 1 a\ 



i ypically, this will be to cause a therapeutically useful activity providing benefit to the Individual, t he actual amount of the 
compounds administered, and rate and time- course of administration, will depend on the nature and severity of the 
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condition being treated. Prescription of treatm-m < < v » it n ulity c gene al 

j / r , ~d m ^ - ^ ^ -=1 ^ heconcio of the 

mduidiiJ p lent i h ti i i ! 1 

techniques and protocols mentioned above can be found in Remington's Pharmaceutical Sciences, 16th edition, Gsoi, A. 

I i ! r r i in mi 

6.01 and lOGmg of active compound per kg of body weight, and more preferably between about 0.5 and lOmg/kg of body 
weight. 

Antibodies The nanoparticies may be used as carriers for raising antibody responses against the carbohydrate containing 
iigands linked to the core particles. These antibodies can be mc ^ i 'heart. 

n ii h 3ti i e i i , h ti -r munction 

with known methods. These methods of producing antibodies include immunising a mammal (e. g. mouse, rat, rabbit, horse, 
an h t f mini t it 1 r i > < v » r m < i i ii i my of a 

variety of techniques known in the art, and screened, preferably using binding of antibody to antigen of Interest, isolation of 
, - -3' a - -a ' v.y a i h in i 

As an alternative or supplement to Immunising a mammal with a nartoparticle, an antibody specific for the llgand and/or 
nan 4 m may' be obtained bom a mcomNnariby produced library of expressed in ! I variable domains, e. g. 
using lambda bacteriophage or filamentous bacteriophage which display functional Immunoglobulin binding domains on thei 
-ht' t ;i > i , o 1 \ 1 1 ; 1 ii 

ftq ta ii ivtii <•< ' ,< - - 1, > - 11 hi' ' a i ' ; n 1, > v - n ] | v 1 

obtained from an organism which has been exposed to the antigen of Interest. 

- < i 11 in >n i t 1 i ( > i > 1 1 lafi in oi 

antibodies, i. e. the individual antibodies comprising the population are identical apart from possible naturally occurring 
1 1 t ii t ii may be: pre: mt 1 mint I, 1 1 1 1 <i ■ > 

Kohler and Miistein, Nature, 256: 495,1975 or may be made by recombinant methods, see Cabiiiy et ai, US Patent No. 

4° a- 1 nlbui ,1 ' 1 - -tit bi Jv v xijcU -x^' ^j; > ti s , \\ ■ e o iqes 79-97, Marcel 
Dekker inc. New York, 1987. 

I the c hosts mal is immunised with the aim " ecus, 

t <ili 1 ii t i "if it produce or are capable of producing antibodies that will 

specifically bind to the r - p^oevtes ma, o° in nu ced in vitro, 

t ,r f. b 1 « h 1 1 to form a 

hybridoma cell, see Gcding, Monoclonal Antibodies : Principles and - , - -as Mi 

b ! i nn 1 j ^ . r Ii r t 11 in >r >r 

1 nt lL, - h ; „ntal 

myeloma cells lack the enzyme hypoxanthine guanine p oso 0 bosyl transfer HPR ;■ t e culture medium 

1 > n i t t ' v " " "ii' HAT medium), which substances preverr 

Preferred myeloma cells are h thai lose effic-ie n-ly, support stable h level expression of antibody ;:> y the selected 



red bv / / a 



In a preferred embodiment of the invention he monocle I antibody w ia\ 5 great? than mi -r 

areater afflnitv 1 e a^ affi ty greater than 10-6 moll as dete i eJ for example c J sis see Mun; 

Poiiarci, Anal. Blochem., 107 : Q--20. 19S 
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Afr hybndcr • i > > i n t if i 

be suPcloned by limiting dilution procedures and grown by standard methods. 

Suitable cult jr 01 i h >c u\ , - n u , i Lagle's Medium i " 1 1 <, ■ e lium. In addition, the 

hybridoma cells may be grown in vivo as ascites rumours in an animal. 

Tne monoclonal antibodies secreted by the subclones are suitably separated from the culture medium, ascites fluid, or 

r t i in s o mplt tein A- Sepharose. hydroxyiapatiu 

chromatography, gel electrophoresis, dialysis, or affinity chromatography. 

Mid ic: acid en i ! nt h in i it n ; i i i edureswell 

known in the art. e. g, by using oligonucleotide umbos that an? capable of binding specifically to genes encoding ihe heavy 
and light chains of -rum i >Ji The h, >r y ceils of the invention are a preferred source of nucieic acid o a din j 
ifm a i v x,ir >■ - r i t 1 -v . , -q vectors, which are 

then Iransfected mfo hos; ceils, which can he cultured so thai tu monoclonal antibodies are produced in 1h recombinant 
host cell culture. 



Hybrldomas capable of producing antibody with desired binding characteristics are within the scope of the present invention 

' ! < orients) and capable of their expression 

The invention aiso provides methods of production of the antibodies including growing a cell capable of producing the 
antibody under conditions in which :he anybody Is produced, arid preferably secreted. 

Antibodies according to the present invention may be modified in a number of ways. Indeed the term"antibody" should be 
construed as covering any binding substance having a binding domain with ihe required specificity. 

Thus, the invention covers antibody ' -r , tu derivatives junctional equivalents and homologies ol antibodies, including 
synthetic molecules and molecules whose shape mimics that of an antibody enabling it to bind an antigen or epitope, here a 
carbohydrate ligand as d 

Examples of antibody fragments, capable of binding an antigen or other binding partner, are the Fab fragment consisting of 
Hi > I in h n n rtr-j of the 

VL and VH domains of a single arm of an antibody ; the dAb fragment which consists of a VH domain ; Isolated GDP, region; 

ii> < \ n" i a ii I i ut legion. 

Single chain Fv fragments are also included. 

A hybridoma producing a monoclonal antibody according to the present Invention may be subject to genetic mutation or 
other changes, i wili timber be understood by ihose sailed In ihe an thai a monoclonal anubody can be subjected to the 
techniques of recombinant DNA technology to piodJC«* <• - "f " " i „ni « - <. 

retain the specificity < t -c mu antibody. Such techniques may involve ' \ a / ' DNA ; ^ ;fie Immunoglobulin 
variable region, or the complemen ai *y r . \ i < 

31 i t n I v. 1 

239 400 A. Cloning and expression of chimes ic antibodies are described in EPO 120 694 A and EP 0 125 023 A. 

Experimental As strategy for tailoring polyvalent carbohydrate surfaces with globular shapes to investigate in solution 
< > 1 , - S\ m in \ 1 , ; I .i h h ' :/ n v \ / • 

nanoparticles. By way of example, the preparation, characterisation and preliminary interaction studies of sugar 
in 1 'I monolayer and wafer solubie j 11 i ij is disclosed below. 1 derlvaiised neoqiycccoujugates 
two biological significant oligosaccharides, the lactose disaccharide (Gaip (Iu4) Gicpi-OR) 1 and 2 and of the trisaccharide 
Lex antigen 5 - s siAcB1-OR} 3 havs i 1 1 

The ti Isaccharide Le'and the disaccharide lactose build up the giycosphingolipid (GSL) Le'antigen : (GalBI -4[Fucl-3j 
GlcNAcBI -3Gal81 -4Glc81 -OCsr) which have been proposed to mediate morula compaction and metastasis m healthy and 
carcinoma mm m „ ^ss>cr ' ' la a homotypic carbohydrate-to- carbohydrate interaction. (81 The lacto and LeX 
s provk 1 giycocalyx-iike surface with ehemi 
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n 1i >. i i r f h / . I in i h io i ) 

we!! as different surface density providing an under-eontrol model for structure-function studies and for investigating 
-arbohydrate c << 5 n „c> n 1 n v,par n le- will be our 

polyvalent model sysis , - , n t " [ n \ \ nt ; a e a "and 

repulsive force:; involved in cell aggregation vie , al t > carbohydr are interactions Previous i ii . j v nthetk 

receptors p -j d ^ r 4- s ng interactions between lipophilic carbohydrate surfaces exist in water. 

021 The synthesis of V disulfides 1 2 no 3 woe earned our by ; v ; > To' or ' , conveniently 0 An ' o lactose and L.e> 
derivative with 1 1 -thicacetate-3,6, 9- trioxa-undecanol (for 1) and 1 1-thioacetate ursdecano! (for 2 and 3) using the 
tnch ■ ! 1 ir < in 1 i 3 method, 1 Figure 1 . | Compounds 1 .2 end 3 were isoiared as disulfide forms and in n > form usee 
for the formation of the gold on n ^particles. The water solub e ^ ^n ' Au 2-Au and 3-Au were 

obtained in methanol ■ . ' , t 

series of gok i " ^ 

J I it i i J 3 1 S i HE 

soluble biological ! r „ I They have been purified by ciialysis and character ised by SH-NMR. UV and transmissior 

electron microscopy (TEM). 



Synthesis of p : A \hn of 1 - 1 ^ 1 ,2, or 3 (0 012M 5.5 eq) in MeOFi was added to a solution of 

tetrachloroauric acid (0.025M. 'I eq) in water. NaBHd (1M. 22 eq) in water was added in small portions with rapid stirring. 
The b!ac-< ; ^ioensi - 1 ' ^ "ours and the solvent was then removed under vacuum. 

The crude of the reaction was was ?d w tr u ?OH and was centrifuged for 1 0 minutes. The methanol was removed and the 
process was repeated several Fares until the starring material was not detected by TLC. The giyco-rra.rroparticles are 
completely insoluble in MeOH but quite soluble in water. 

They were purified by dialysis : 50 mg of crude product was dissolved In 10 mL of water (NANOpure). This solution was 
If u t tt 1 1 i n c in c I i v 1 1 

(NANOpure). The dark glyconanoparticies solution was collected from the dialysis segments and lyophilized. The products 
obtained were free of sails and srartmg rnatehai (absence of signais due :o 'is lp- la and Ma In NMR). 

Transmission Electron Microscopy (TEM) examination of the samples was carried out with a Philips CM200 microscope 

1 " 1 i 1 aUctso on- j 1 x^pper 

grid coated with a carbon film. The grid was left to dry in air for several hours at room temperature. 

Particle size distribution of the Au c! jet r m > °i 

\ i » ! J » ti ti it i 1 1 tibi.1i ,1 ilstie 

Flgure 2 shows TEM images and core size distribution histograms for the 2-Au and 3-Au gold glyconanoparticies. 

' cl n 11 5 t 1 h i the 

particles stabilized fit he L ;o 1 gate A mean diameter of 1 . 8 nm was found In both samples for the gold core of the 
functienaiized nanoparticles. Such a mean particle case corresponds, according to previous work, to an average number of 
gold atoms per panicles of ca. 200 and 70 protecting n ti giyaoconiugales The agaeoaa sciaticas < the 
nanoparticles were stable during months and no agglomeration was detected by TEM. 

The preservation of the carbohydrate rnoiecuies at :he n v > v \ , surface was; then n,, } The -< , 1 3r 
properties of the neoglycoconjugaies 1 .2 and 3 suffer a differential change after attaching them to the gold surface. For 
mple the | t ! ^ ^ v ^c u Au irr-oluble 

- . ^ , , < ^ ' J i'i ' n, 1 1 ; nanoparticle 3-Au, 

however. :s Insoirjble In methanol and very soluble In a a-r T'hese differences in solubility can be used to purify the 
glyconanoparticies from the non -reacted disulfides by washing them with methanol. However, the most significant fact in 
thest-thi a-"- th tf h i ii r \ a a n lia^ii" entation to the 

surrounding. 

Tne 1 H-NMR spectra of the glyconanoparticies show clearly these differences (Figure 3). The spectra of the lacto- 
nanopartieies 1-Au and 2-Au in D20 differ strongly from those of the lacto- disulfides 1 and 2 (Figure 3A spectrum of 1 not 
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' the ' broadening of slowly totaling rriaciomoieeuliss in solution. The s 
; interface completely disappears, as it occurs In the alkaneihiol monoiayei 
< -t - '\u n ) y \ o; The if 
riilar broadening for aii signals (Figure 23- a. bo Indicating an mfran voleoul 



atner ■ 



N'vIR of the lacto-dlsulfldes 1 and 2 f Figure 3A>, Tiie self -aggregation ability will have consequences in tho oiganlsai 
l U n i. of L in u GSLs. as claimed by i authors arid contrary to the proposal of others V at the carboh 
head group plays a" r-. s ^ knit - <■ j.„ ^ r n ti . ni v - t r olasma membrane. (17' 
■ n t f i r f°terr o-ih wit \,\ of i 

inct^ir-r . , , - - , di oiocpsses 1 

at a level comparable to lactose itself (5-10% relative tc t ile the v, droiysls n e en 

under the same conditions of "I -An and 2-Au nanopartic -•< wa « ' r Jt ; act vl 

the free ligands 1 and 2). 



o r r >, r i h ii 5 ' < If 5 

mimicking GSL-clusters in plasma membrane a in 'e it on of a novel 

mecham r o . ^ , . ' < 3 h d ' >" 

herein provides a strategy to prepare, in a simple ways a great variety of globular carbohydrate arrays that can 
advantageously compete / h other spherical {ciendrimers. ilposorm or linear carbohydrate displays The ' , nd Lez- 
nanoparticles may be considered appropriate models to intervene in cell-cell adhesion and recognition processes. 



References The references mentioned hi' = > 11 en* ° 



[1] a) G. I. Be::, M. Dembo, Bongrand, Biophys. J. 



1984,45,1051-1064; b) A. Frey, K. T. Glannasca, R. 



Weitzin, P. J. Glannasca, H. Reggio, W. I. Lencer, M. R. 



Neutra. J, E--xp. Med. 1996, 184, 104ft- 1059. 



[2] W. I. Weis, K. OficKarner. Annu. Rev. Biochem. 1996, 65. 441-73. 



[3] a) S. Hakomori. Pure & Appl. Cherrs. 1991,63,473-482; b) G. N. Misevic, Microsc. Res. Tech. 1999,44,304-309 and 
references therein. 



[4] M. Mammen, S. Chop G. M. Whltesides, Angew. Chem. 
Int. Ed. 1998,37,2754-2794. 

15] a) !... Kiessling, N. L. Pohl, Chemistry & Biology 1996.3.71-77; 0} K. J. Yarema, C. R. Berfozzi, Curt. 
Opin. Chem. Biol. 1998,2,62-66 ; c) P. I. Kitov, J. M. 
Sadowska, G. Mulvey, G. D. Armstrong, H. Ling, N. S. 
Pannus, R. J. Read. 0. R. Bundle. Nature 2000,403,669- 672. 



)://www.wipo.int/pctdb/en/wo.isp?wo=2002032404&IA=GB2001004633cS:DISPLAY=... 1/19/2010 



(WO/2002/032404) NANOP ARTICLES 



Page 11 of 12 



[6j a) 8. T. Houseman, M. Mrksich, Angew. Chem. Int. Ed. 
■999,38,782-785: b) N. Horan, L. Yan, H. Iscbe, G. M. 
Whitesides, D. Kahna, Proc. Natl. Acad. Sci. USA 1999, 96, 11782-11786. 
[7j a) !vl Brust, J. Fir-k, D. Bethel!, D. J. Sehiffrin, C. 

Kieiy, J. Chem. Soc, Chem. Commun. 1995, 1655-1656; b) A. C. Tempieton, W. P. Wueifing, R. W. Murray, Acc. Chem. 
Res. 2000,33,27-36; c) J. J. Storhoff, C. A. Mirkin, Chem. Rev. 1999,99,1849-1862. 
[8] I. Eggens, 3. Fenderson, T. Toyokuni. 3 Dean, m. 
Stroud, S. Hakomori, J. bio!. Chem. 1989,264,9476-9484. 

[9] a) P. H. Weigel, R. L. Schnaar, M. S. Kuhlensehmldt, E. Schmell, R. T. Lee, Y. C. Lee, S. Roseman, J. Biol. 
Chem. 1979,254, 10830-10838: b) R. Liang, J. Loebach, N. 
Horan, M. Ge. C. Thompson, L. Yan, D. Kahne, Proc. Natl. 
Acad. Sci. USA 1997,94,10554-10559. 

[10] N. Sternberg, P.-G. Nyhoim, !. Pascher, S. Norma*, Proc. Nati, Acad. Sci. USA 1991,88,9340-9344. 
[11] S. Hakomori, K. Handa, K. Iwabuchi, S. Yamamura, A. 
Prinetti, Glycobioiogy 1998,8, xi-xix. 

[12] a) J M. Goteron, C Vicent, C. 3osso, S. Penades, J. Am. Chem. Soc. 1993. 11 5,1 0086-1 0076 ; b) J. Jimenez- Sarbero, 

E. Junquera, M. Martin-Pastor, S. Sharma, C. 

Vicent, S. Penaudes, J. Am. Chem. Soc. 1995, 1 17, 1 1 198- 1 1204 ; c) J. C. Morales, D. Zurita, S. Penaudes, J. Org. 
Chem. 1998,63,9212-9222. 

[13] P.. P.. Schmidt, K.-H. Jung in Preparative Carbohydrate Chemistry, (Ed. Stephen Ha .es; a fv ncei Dekker inc. 1997, 
pp 283-312. The j ><h- , > of the * i c c it 1 .2 and 3 win be published elsewhere. 

[14] a) D. Fil/m- i re ^ k a l 

F. Stoddart, S. Wenger, N. Zaccheroni, Angew. Chem. Vint. 

Ed. 1999,38, : 147- : 150 ; b) J. Liu, S. Mendoza, E. Roman, M. J. Lynn, R. Xu, A. E. Kaifer, J. Am. Chem. Soc. :999, 
121,4304-4305: c) A. K. Boal, F. iihan, J. E. DeRouchey, T. Thurn-Albreeht, f. P. Russell. V. M. Rotelio. Nature 2000, 404. 
746-748. 

[15] A. C. Tempieton, S. Chen, S. M. Gross, R. W. Murray, Langmuir 1999,15,66-76. 



)://www.wipo.int/pctdb/en/wo.isp?wo=2002032404&IA=GB2001004633cS:DISPLAY=... 1/19/2010 



(WO/2002/032404) NANOP ARTICLES 



Page 12 of 12 



[16] K. Simon, £. ikonen, Nature 1997. 387, 589-572. 

[17] D. A. Brown, E. London, Biochem. Biophys. Res. 

Commun. 1997,240, 1-7. 

[18] Taton et al, Science, 289: 1757-1760,2000. 

[19] @ G. Ada, N. Engi. J. Med., 345 (14), 1042-1053, 2001. 

[20] E. Kiarreich, Nature, 413, 450-452, 2001. 



)://www.wipo.int/pctdb/en/wo.isp?wo=2002032404&IA=GB2001004633cS:DISPLAY=... 1/19/2010 



(WO/2002/032404) NANOP ARTICLES 



Page 1 of 3 




Biblio. Data Description Claims I \ National Phase \ I Notices \ \ Documents 

Note: OCR Text 

Claims: 1 . A nanoparticle comprising a. cote of me-al or semiconductor atoms linked 10 a plurality of Uganda, wherein ;he 
ligand comprises a carbohydrate group. 

2. The nanoparticle of claim 1 , wherein the core is; a metallic core, 
i 3. The nanoparticle of claim 2, wherein the metallic core of the nanoparticle has a mean diameter between Q. 5 and 1 0Gnm. 

5. T he nanoparticle of any one of claims 1 to 4. wherein the core comprises an atom which is NMR active. 

6. The nanoparticle of claim 5, wherein the NMR active atom is gadolinium and europium. 

7. The nanoparticle of any one of the preceding claims, wherein the core includes an atom which is capable of detection 
! using surface piasmon resonance. 

8. The nanoparticle of any one of the preceding claims, wherein the nanoparticle comprises a label. 

9. The nanoparticle of claim 8, wherein the label is a fluoresecent group or a radioactive isotope, 

0 fh< u ! if 

I Au/Ag/Cu, Au/Pt, Au/Pd or Au/Ag/Cu/Pd. 

1 fht , mtf-ciiir 3 -< 10 wherein metalln t- , ' n 

: "12. ThtMit op j n !e of j j n , \ im a - i ns „r < n 1 -> i j de oi 

I a monosaccharide group, 

i. The nanc j of a y one of the preceding claims, whereir i igar ] ; rsprist > c year >c >njug - 

I 14. The nanoparticle of claim 13, wherein the glycanccc^ ' I r ' - - ' , " ' 

: 15. The nanoparticle of any one o? claims 2 to 14, wherein the ligand is linked to the metallic core via a sulphide group. 

:6. The nanopanicie of any one of the preceding claim;;, wherein the nanoparticle is water soluble. 

* c - - c \,i - c ° o' i ' hi n ; )w i i 1 < jm, ' , f 

1 8. The composition of claim 1 7 which comprises a plurality of nancparticles having different ligand groups. 

no ;i\ /! "i ; -i ; in more of the narsoparticies of any one of claims 1 to 1 6 for use in a 
method of medical treatment. 
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20. Use of a n<r -t \ ic of any one of claims 1 io 1 6 for h< preparation of a -n o t r n - for ;ho t.'ir nl o? a o< vjn on 
ameliorated by tine administration of the Ngand. 

21. The use of claim 20. therein the iigand inhibits; a carbohydrate mediated interaction tr;ai would otherwise cause a 
pathoiogy. 

22. The use of claim 20 or claim 21, wherein the interaction is leukocyte-endothelial cell adhesion, a carbohydrate-antibody 
interat ton a c ifbc y> - k , to a i - on leading to b - a a a viral inieonon. m 1 a a la ; s io the recognition 
of tumour ceils, tne Inhibition of metastasis or an interaction leading to foreign tissue rejection or ceii recognition. 

23. The use of 1 one a* claims 20 is; 22. wherein the n 3 i 1 has a plurality a' HoanOe at; ached thereto so t 1 it is; 
- scab - ' hs! 

24. The use of any one of claims 20 to 23, wherein the condition is seiectin mediated inflammation or Helicobactcrpyiori 
infection. 

25. Use of a nanoparticie of any one of ciaims 1 to 16 for the preparation of a medicament for vaccinating a patient with an 
antigen, wherem the llganci linked to the core of the uanoparucle comprises; the; antigen. 

26. A method of preparing a nanoparticie comprising a metallic core linked to a plurality of ligands, wherein the metallic core 
comprises gold atoms and the iigand comprises a carbohydrate group, the method comprising : synthesizing a sulphide 
derivative of the jand reactin; fi I i Privatised iigand an 3 I < ar < u • lacing agent 
to produce the nanoparticles. 



7 1 he ne d of claim 2 : ck 1 disulphide. 

28. A method of disrupting an interaction between a carbohydrate and a binding partner, the method comprising contacting 
the carbohy Ir nil i t h r i i 3 (■ d t a plurality 

of ligands, wherein the Iigand comprises a carbohydrate group capable of disrupting the Interaction of the carbohydrate and 
the binding partner. 

t < in ft ,o the method 

comprising (a) contacting the nanoparticles of any one of claims 1 to 16 with one or more candidate compounds and (b) 
it c rr n ; > v 

30. A method of determining the presence in a sample of a substance capable of binding to a Iigand comprising a 

i v/d - : - , us to 16 so 

that the substance binds to the carbohydrate group of the nanoparticles and (b) determining whether binding takes place. 

31 . The method of claim 30. further comprising the step of correlating the presence or absence of binding with the diagnosis 
of t fisca a i < r < jj fu > , -'--a if ■ si a 



32. The method of claim 30 or claim 31 , wherein the substance is an antibody which is capable of binding to the 
carbohydrate group. 

33. A main >o of dale r i t i 1 t 1 j n 
or more species suspected to interaction via a carbohydrate mediated interaction with the nanoparticles of any one of claim; 
1 to 1C and r n i n t r t < i >h r r i i 



34. The method of any one of claims 29 to 33, wherein the nanoparticles are detected by nuclear magnetic resonance 

>co»y ( i >■ M ) itomc 1oK>i micrc cx, «,[ \1 m onance 

(SPR), or with nanoparticles comprising silver atoms, signal amplification using the nanoparticie-promoted reduction of silve 
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(I - 3s. The method of any one of claim;; 29 :o 33, wherein the nanopariloles comprise a iluoroooent iaboi, an isotopic label, a 
N'vlR active atom, or a quantum dot. 

36. A mmopamcle comprising a <. linked to a plurality of tgands, ^heroin the iigand comprise:; a oomohyd; are group 
which is a biood group antigen. 

37. Use of one or more species of nanopariicie of claim 36 f . d. whs ,c k ^ spe es of anepartiere; are 
linked to dlrferem blood group anrlgem; 

38. A kit for typing blood groups, the kit comprising one of more species of nancparticies of claim 36. 

39. i i 1 1 a n i i i > n - I 6 H 1 , f t in h irq n J 
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